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(57) ABSTRACT

Aspects relate to improving accuracy of word extraction. A
word extraction device includes a lexical representation
generation unit for acquiring training data including sen-
tences in which target extraction words are specified, gen-
erating a first lexical representation by processing the train-
ing data with a first parsing technique, generating a second
lexical representation by processing the training data with a
second parsing technique, and generating a first combined
lexical representation by combining the first lexical repre-
sentation and the second lexical representation; a query
representation generation unit for generating, based on the
first combined lexical representation, an extraction query
representation indicating a query for extracting the target
extraction words from a predetermined target search docu-
ment; and a word extraction unit for extracting, by using the
extraction query representation, extraction information that
indicates information about the target extraction words from
a second combined lexical representation generated based
on the target search document.
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WORD EXTRACTION DEVICE, WORD
EXTRACTION SYSTEM AND WORD
EXTRACTION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Patent Application No. 2022-161372, filed Oct. 6, 2022. The
contents of this application are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] The invention relates to a word extraction device,
word extraction system and word extraction method.

SUMMARY OF THE INVENTION

[0003] Inrecent years, with the development of computers
and the Internet, the amount of electronic information has
increased significantly, and much of this electronic infor-
mation consists of natural language that humans use for
everyday communication. In this context, natural language
processing is known as a means of analyzing natural lan-
guage and deriving meaningful insights.

[0004] In current natural language processing research,
Lexical Knowledge Extraction (LKE) techniques, which
extract specific words or sentences (hereinafter referred to as
“target extraction words”) from documents consisting of
natural language text information, have attracted much
attention. In LKE techniques, the target extraction words are
extracted from the target search documents according to
extraction rules generated by a parsing technique.

[0005] For example, US Patent Application Publication
No. 2010/0082331 (Patent Document 1) exists as one means
for generating rules for extracting words.

[0006] Patent Document 1 describes a technique in which
“A system and method of developing rules for text process-
ing enable retrieval of instances of named entities in a
predetermined semantic relation (such as the DATE and
PLACE of an EVENT) by extracting patterns from text
strings in which attested examples of named entities satis-
fying the semantic relation occur. The patterns are general-
ized to form rules which can be added to the existing rules
of a syntactic parser and subsequently applied to text to find
candidate instances of other named entities in the predeter-
mined semantic relation.”

[0007] In principle, documents consisting of textual infor-
mation in natural language contain syntactic information
about the syntactic relationships of words and semantic
information about the semantic relationships of words.
When extracting words from a given target search docu-
ment, it is desirable to consider both the syntactic and
semantic information of the words.

[0008] However, according to conventional LKE tech-
niques, although the rules for extracting words can extract
one of either the syntactic information or the semantic
information of the words, there is no technique for creating
extraction rules that consider both the syntactic information
and the semantic information words.

[0009] For example, the above-mentioned Patent Docu-
ment 1 describes a means of generating rules for extracting
words by analyzing patterns of predetermined relationships
existing in training data, such as text strings, using a
so-called syntactic parsing technique.

Apr. 18,2024

[0010] However, in the technique described in Patent
Document 1, as the rules for extracting words are generated
only by syntactic parsing techniques, although it is possible
to create rules for extracting the syntactic information asso-
ciated with words, the semantic information associated with
the words cannot be extracted. On the other hand, semantic
parsing techniques exist that can extract the semantic infor-
mation associated with words, but such semantic parsing
techniques cannot extract the syntactic information about
words.

[0011] As a result, conventional LKE techniques that use
only one parsing technique, such as Patent Document 1, for
example, cannot generate extraction rules that consider both
the syntactic parsing information and the semantic informa-
tion in the target search documents, which limits the accu-
racy of word extraction.

[0012] Accordingly, it is an object of the present disclo-
sure to provide a word extraction technique that can improve
the accuracy of word extraction by combining parsing
techniques, such as syntactic parsing techniques and seman-
tic parsing techniques, and leveraging the features of these
multiple parsing techniques.

[0013] To solve the above problems, one representative
word extraction device according to the present invention
includes a processor; and a memory, wherein the memory
includes processing instructions for causing the processor to
function as: a lexical representation generation unit for
acquiring training data that includes sentences in which
target extraction words are specified, generating a first
lexical representation by processing the training data with a
first parsing technique, generating a second lexical repre-
sentation by processing the training data with a second
parsing technique, and generating a first combined lexical
representation by combining the first lexical representation
and the second lexical representation; a query representation
generation unit for generating, based on the first combined
lexical representation, an extraction query representation
that indicates a query for extracting the target extraction
words from a predetermined target search document; and a
word extraction unit for extracting, by using the extraction
query representation, extraction information that indicates
information about the target extraction words from a second
combined lexical representation generated based on the
target search document.

[0014] According to the present disclosure, it is possible to
provide a word extraction technique that can improve the
accuracy of word extraction by combining parsing tech-
niques, such as syntactic parsing techniques and semantic
parsing techniques, and leveraging the features of these
multiple parsing techniques.

[0015] Problems, configurations, and effects other than
those described above will be made clear by the following
description in the embodiments for carrying out the inven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a diagram illustrating a computer system
for implementing the embodiments of the present disclosure.
[0017] FIG. 2 is a diagram for explaining an overview of
a manual extraction rule generation technique in LKE.

[0018] FIG. 3 is a diagram for explaining an overview of
an automatic extraction rule generation technique in LKE.
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[0019] FIG. 4 is a diagram illustrating an example con-
figuration of a word extraction system according to the
embodiments of the present disclosure.

[0020] FIG. 5 is a diagram illustrating a functional con-
figuration of a word extraction device according to the
embodiments of the present disclosure.

[0021] FIG. 6 is a diagram illustrating a functional con-
figuration in which a DP technique and an AMR technique
are used as parsing techniques in the word extraction device
according to the embodiments of the present disclosure.
[0022] FIG. 7 is a diagram illustrating an example of the
flow of a combination process according to the embodiments
of the present disclosure.

[0023] FIG. 8 is a diagram illustrating an example of
generating a combined lexical representation by combining
a first lexical representation and a second lexical represen-
tation according to the embodiments of the present disclo-
sure.

[0024] FIG. 9 is a diagram illustrating an example of
generating an extraction query representation according to
the embodiments of the present disclosure.

[0025] FIG. 10 is a diagram illustrating an example of a
case where AND/OR matching is used as a graph search
technique according to the embodiments of the present
disclosure.

[0026] FIG. 11 is a diagram illustrating an example of a
case where matching based on performance criteria of the
parsing techniques is used as a graph search technique
according to the embodiments of the present disclosure.
[0027] FIG. 12 is a diagram illustrating an example of a
case where a matching necessity criterion is used as a graph
search technique according to the embodiments of the
present disclosure.

[0028] FIG. 13 is a diagram illustrating an example of a
case where lexical attribute information is used as a graph
search technique according to the embodiments of the
present disclosure.

[0029] FIG. 14 is a diagram illustrating an example of a
case where related terms are used as a graph search tech-
nique according to the embodiments of the present disclo-
sure.

DETAILED DESCRIPTION

[0030] Hereinafter, the embodiments of the present inven-
tion will be described with reference to the drawings. It
should be noted that the invention is not limited by these
embodiments. In addition, in the description of the draw-
ings, identical parts will be indicated with the same refer-
ence numerals.

[0031] It should also be understood that although terms
such as “first,” “second,” “third,” and the like may be used
to describe various elements or components in the present
disclosure, the elements or components are not limited by
these terms. These terms are used only to distinguish one
element or component from other elements of components.
Accordingly, a first element or component discussed below
may also be referred to as a second element or component
without departing from the teachings of the present inven-
tion.

[0032] Referring first to FIG. 1, a computer system 100 for
implementing the embodiments of the present disclosure
will be described. The mechanisms and devices of the
various embodiments disclosed herein may be applied to any
suitable computing system. The main components of the
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computer system 100 include one or more processors 102, a
memory 104, a terminal interface 112, a storage interface
113, an /O (Input/Output) device interface 114, and a
network interface 115. These components may be intercon-
nected via a memory bus 106, an 1/O bus 108, a bus interface
unit 109, and an I/O bus interface unit 110.

[0033] The computer system 100 may include one or more
general purpose programmable central processing units
(CPUs), 102A and 102B, herein collectively referred to as
the processor 102. In some embodiments, the computer
system 100 may contain multiple processors, and in other
embodiments, the computer system 100 may be a single
CPU system. Each processor 102 executes instructions
stored in the memory 104 and may include an on-board
cache.

[0034] In some embodiments, the memory 104 may
include a random access semiconductor memory, storage
device, or storage medium (either volatile or non-volatile)
for storing data and programs. The memory 104 may store
all or a part of the programs, modules, and data structures
that perform the functions described herein. For example,
the memory 104 may store a word extraction application
150. In some embodiments, the word extraction application
150 may include instructions or statements that execute the
functions described below on the processor 102.

[0035] In some embodiments, the word extraction appli-
cation 150 may be implemented in hardware via semicon-
ductor devices, chips, logic gates, circuits, circuit cards,
and/or other physical hardware devices in lieu of, or in
addition to processor-based systems. In some embodiments,
the word extraction application 150 may include data other
than instructions or statements. In some embodiments, a
camera, sensor, or other data input device (not shown) may
be provided to communicate directly with the bus interface
unit 109, the processor 102, or other hardware of the
computer system 100.

[0036] The computer system 100 may include a bus inter-
face unit 109 for communicating between the processor 102,
the memory 104, a display system 124, and the /O bus
interface unit 110. The 1/O bus interface unit 110 may be
coupled with the I/O bus 108 for transferring data to and
from the various 1/O units. The I/O bus interface unit 110
may communicate with a plurality of /O interface units 112,
113, 114, and 115, also known as I/O processors (I0Ps) or
1/O adapters (IOAs), via the /O bus 108.

[0037] The display system 124 may include a display
controller, a display memory, or both. The display controller
may provide video, audio, or both types of data to the
display device 126. Further, the computer system 100 may
also include a device, such as one or more sensors, config-
ured to collect data and provide the data to the processor
102.

[0038] For example, the computer system 100 may
include biometric sensors that collect heart rate data, stress
level data, and the like, environmental sensors that collect
humidity data, temperature data, pressure data, and the like,
and motion sensors that collect acceleration data, movement
data, and the like. Other types of sensors may be used. The
display system 124 may be connected to a display device
126, such as a single display screen, television, tablet, or
portable device.

[0039] The I/O interface unit is capable of communicating
with a variety of storage and I/O devices. For example, the
terminal interface unit 112 supports the attachment of a user
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1/0 device 116, which may include user output devices such
as a video display device, a speaker, a television or the like,
and user input devices such as a keyboard, mouse, keypad,
touchpad, trackball, buttons, light pens, or other pointing
devices or the like. A user may use the user interface to
operate the user input device to input input data and instruc-
tions to the user /O device 116 and the computer system 100
and receive output data from the computer system 100. The
user interface may be presented via the user /O device 116,
such as displayed on a display device, played via a speaker,
or printed via a printer.

[0040] The storage interface 113 supports the attachment
of one or more disk drives or direct access storage devices
117 (which are typically magnetic disk drive storage
devices, but may be arrays of disk drives or other storage
devices configured to appear as a single disk drive). In some
embodiments, the storage device 117 may be implemented
as any secondary storage device. The contents of the
memory 104 are stored in the storage device 117 and may be
read from the storage device 117 as needed. The 1/O device
interface 114 may provide an interface to other /O devices
such as printers, fax machines, and the like. The network
interface 115 may provide a communication path so that
computer system 100 and other devices can communicate
with each other. The communication path may be, for
example, the network 130.

[0041] In some embodiments, the computer system 100
may be a multi-user mainframe computer system, a single
user system, or a server computer or the like that has no
direct user interface and receives requests from other com-
puter systems (clients). In other embodiments, the computer
system 100 may be a desktop computer, a portable computer,
a notebook computer, a tablet computer, a pocket computer,
a telephone, a smart phone, or any other suitable electronic
device.

[0042] As mentioned above, Lexical Knowledge Extrac-
tion (LKE) generally includes manual techniques in which
extraction rules for extracting words are manually gener-
ated, and automatic techniques in which extraction rules are
generated using parsing techniques. FIGS. 2-3 below pro-
vide an overview of these manual and automatic extraction
rule generation techniques.

[0043] FIG. 2 is a diagram for explaining an overview of
a manual extraction rule generation technique 200 in LKE.

[0044] In the manual extraction rule generation technique
200, a user 204, such as a developer, creates in advance
extraction rules 206 for extracting target extraction words
from a given target search document 210. The extraction
rules 206 here may be rules generated using syntactic
parsing techniques such as Dependency Tree (DT) or Part of
Speech (PoS), for example.

[0045] Next, in the extraction process 230, the extraction
information 240 including the target extraction words is
extracted from the syntactic representation 220 of the target
search document 210 based on the extraction rules 206.

[0046] As an example, if the extraction rule 206 created by
the user is a rule for extracting, from documents related to
component failures (e.g., the target search document 210),
the component name of the failing component, failure name,
and a sentence containing the component name and the
failure name, then, from the sentence “engine oil leak from
motorcycle,” “engine oil” may be extracted as the compo-
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nent name and “leak” may be extracted as the failure name,
and this information may be used as the extraction infor-
mation 240.

[0047] FIG. 3 is a diagram for explaining an overview of
an automatic extraction rule generation technique 300 in
LKE.

[0048] In the automatic extraction rule generation tech-
nique 300, a user 304, such as a developer, generates labeled
training data 320 by assigning labels (flags) to the target
sentences 310 that identify the target extraction words. As an
example, the user 304 may assign a label that identifies the
component name of a failing component and a failure name
of the failure in a document related to component failures.
[0049] Next, the parsing technique 335 (e.g., a syntactic
parsing technique or a semantic parsing technique) auto-
matically generates extraction rules 340 for extracting the
target extraction words based on the training data 320
generated by the user 304. The generated extraction rules
340 can then be applied to the target search document (a
syntactic representation of the target search document) to
extract extraction information 350 from the target search
document that includes the target extraction words.

[0050] As mentioned above, the manual extraction rule
generation technique 200 and the automatic extraction rule
generation technique 300 can extract target extraction words
from a given target search document.

[0051] However, as described above, conventional LKE
techniques that use only one parsing technique, such as
Patent Document 1, for example, cannot generate extraction
rules that take into account both the syntactic parsing
information and the semantic information in the target
search document, which limits the accuracy of word extrac-
tion.

[0052] Accordingly, the present disclosure relates to a
word extraction technique that can improve the accuracy of
word extraction by combining parsing techniques, such as
syntactic parsing techniques and semantic parsing tech-
niques, and leveraging the features of these multiple parsing
techniques.

[0053] Next, FIG. 4 describes a word extraction system
according to the embodiments of the present disclosure.
[0054] FIG. 4 is a diagram illustrating an example con-
figuration of a word extraction system 400 according to the
embodiments of the present disclosure. The word extraction
system 400 is a system for extracting extraction information
including target extraction words from a given target search
document and providing it to users. As illustrated in FIG. 4,
the word extraction system 400 comprises a word extraction
device 410, a communication network 450, and a user
terminal 460. In the word extraction system 400, the word
extraction device 410 and the user terminal 460 may be
connected to each other via the communication network
450.

[0055] The word extraction device 410 is a device for
extracting extraction information including target extraction
words from a given search target document using extraction
rules generated by multiple parsing techniques, such as
syntactic parsing techniques and semantic parsing tech-
niques, for example, and, as illustrated in FIG. 4, primarily
includes a memory 420, a storage unit 430, a processor 444
and an input/output unit 446.

[0056] In embodiments, the word extraction device 410
may be implemented by the computer system 100 illustrated
in FIG. 1.



US 2024/0126988 Al

[0057] The memory 420 may be a memory for storing a
word extraction application 150 for implementing the func-
tions of the word extraction technique according to the
embodiments of the present disclosure. The word extraction
application 150 may include processing instructions for
implementing the functions of software modules such as a
lexical representation generation unit 422, a query represen-
tation generation unit 424, and word extraction unit 426, as
illustrated in FIG. 4.

[0058] The lexical representation generation unit 422 is a
functional unit for using multiple parsing techniques to
process training data including sentences in which target
extraction words are specified, thereby generating multiple
lexical representations corresponding to the training data,
and generating a combined lexical representation (a first
combined lexical representation) by combining these mul-
tiple lexical representations. A lexical representation as used
herein may include a data structure that defines the words in
the sentences included in the training data and the relation-
ship between these words. This lexical representation may
be a table, a matrix, a graph, or the like, for example. In the
present disclosure, a case in which the lexical representation
is in a graph format will be used as an example.

[0059] In addition, the parsing techniques used to generate
the lexical representation are not limited, but may include,
for example, syntactic parsing techniques such as Depen-
dency Parsing (DP) techniques and semantic parsing tech-
niques such as Abstract Meaning Representation (AMR)
techniques.

[0060] The query representation generation unit 424 is a
functional unit for generating an extraction query represen-
tation that indicates a query for extracting target extraction
words from a given target search document based on the
combined lexical representation generated by the lexical
representation generation unit 422. This extraction query
representation is a data structure that defines rules for
extracting the target extraction words, and may be in a
graphical format similar to the lexical representation. In
embodiments, this extraction query representation may be a
sub-graph that represents a portion of the first combined
lexical representation (e.g., a sub-graph containing the
words or relationships to be extracted).

[0061] The word extraction unit 426 is a functional unit
for extracting extraction information indicating information
about target extraction words from a given target search
document by using the extraction query representation gen-
erated by the query representation generation unit 424. The
details of the graph search technique used by the word
extraction unit 426 are described below, so a description
thereof is omitted here.

[0062] The storage unit 430 is a storage area that houses
a database (“DB”) for storing various information pertaining
to the embodiments of this disclosure, and may include a
training data DB 432, a lexical representation DB 434, and
a target search document DB 436, as illustrated in FIG. 4.

[0063] The training data DB 432 is a database for storing
training data including sentences in which target extraction
words are specified. In embodiments, the training data DB
432 may store training data input by the user via the user
terminal 460 and the input/output unit 446.

[0064] The lexical representation DB 434 is a database for
storing lexical representations generated by the lexical rep-
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resentation generation unit 422 and extraction query repre-
sentations generated by the query representation generation
unit 424.

[0065] The target search document DB 436 is a database
for storing the target search documents that will be subject
to word extraction. In embodiments, the target search docu-
ment DB 436 may store target search documents input by the
user via the user terminal 460 and the input/output unit 446.
[0066] The processor 444 is the processing unit for car-
rying-out processing instructions that define the function of
each functional unit of the word extraction application 150
stored in the memory 420.

[0067] The input/output unit 446 is a functional unit for
receiving information input to the word extraction device
410 and outputting information such as extraction informa-
tion generated by the word extraction device 410. The
input/output unit 446 may include, for example, a keyboard,
a mouse, a display showing a graphical user interface (GUI),
or the like. In embodiments, the query representation gen-
eration unit 424 may generate an extraction query represen-
tation based on user input received via the input/output unit
446.

[0068] The communication network 450 may include, for
example, a local area network (LAN), wide area network
(WAN), satellite network, cable network, WiFi network, or
any combination thereof.

[0069] The user terminal 460 is a terminal device that can
be used by a user of the word extraction device 410. By
using the user terminal 460, the user can, for example, use
the GUI provided by the input/output unit 446 to input
training data, input information defining the extraction query
representation, and check the extraction information output
from the word extraction device 410. As an example, the
user terminal 460 may include, but is not limited to, smart-
phones, smartwatches, tablets, personal computers, and the
like.

[0070] For convenience of explanation, FIG. 4 illustrates
a configuration including one user terminal 460 as an
example, but the number of user terminals 460 is not limited.
[0071] According to the word extraction device 410
described above, it is possible to provide a word extraction
technique that can improve the accuracy of word extraction
by combining parsing techniques, such as syntactic parsing
techniques and semantic parsing techniques, and leveraging
the features of these multiple parsing techniques.

[0072] Next, with reference to FIG. 5, the functional
configuration of a word extraction device according to the
embodiments of the present disclosure will be described.
[0073] FIG. 5 illustrates the functional configuration of the
word extraction device 410 according to the embodiments of
the present disclosure. As described herein, the word extrac-
tion device 410 is a device for extracting extraction infor-
mation including target extraction words from a given target
search document using extraction rules generated by mul-
tiple parsing techniques, and as illustrated in FIG. 5, pri-
marily includes a lexical representation generation unit 422,
a query representation generation unit 424 and a word
extraction unit 426.

[0074] First, the lexical representation generation unit 422
acquires the training data 510. This training data is infor-
mation including sentences in which the target extraction
words are specified. In embodiments, this training data 510
may include sentences to which flags identifying the target
extraction words have been assigned. As an example, as
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illustrated in FIG. 5, this training data 510 may be informa-
tion in which each of the target extraction words “cooling
fan” as a component name and “not running” as a failure
name have been specified with a flag in a sentence related to
a component failure such as “cooling fans not running.”
[0075] After acquiring the training data 510, the lexical
representation generation unit 422 processes the acquired
training data 510 using multiple parsing techniques to gen-
erate multiple lexical representations corresponding to the
training data 510. As mentioned above, a lexical represen-
tation as used herein may be a data structure that defines the
words in the sentences included in the training data and the
relationships between these words. This lexical representa-
tion may be a table, a matrix, a graph, or the like, for
example. In the present disclosure, a case in which the
lexical representation is in graph format will be used as an
example. In a graph format lexical representation, words can
be represented as nodes, and (syntactic or semantic) rela-
tionships between words can be represented as edges. These
nodes are associated with node information indicating, for
example, the words in the sentence, and these edges are
associated with edge information indicating, for example,
the relationships between words.

[0076] As an example, the lexical representation genera-
tion unit 422 may generate a first lexical representation by
processing the training data 510 with a first parsing tech-
nique 511, generate a second lexical representation by
processing the training data 510 with a second parsing
technique 512, and generate an Nth lexical representation by
processing the training data 510 with an Nth parsing tech-
nique 513. Here, the number and type of parsing techniques
are not limited.

[0077] However, to generate highly accurate word extrac-
tion results that take into account both syntactic information
and semantic information, it is desirable to use different
parsing techniques, such as syntactic parsing techniques and
semantic parsing techniques.

[0078] Next, after generating multiple lexical representa-
tions corresponding to the training data 510, the lexical
representation generation unit 422 generates the first com-
bined lexical representation 514 by aligning and combining
the nodes and edges in the generated multiple lexical rep-
resentations (the first lexical representation, the second
lexical representation, . . . the Nth lexical representation)
with each other.

[0079] It should be noted that the process of aligning and
combining nodes and edges in the lexical representations
with each other is described below with reference to FIGS.
7-8, and is therefore omitted here.

[0080] Next, the query representation generation unit 424
generates an extraction query representation indicating a
query for extracting the target extraction words from a given
target search document based on the first combined lexical
representation 514 generated by the lexical representation
generation unit 422. As described above, this extraction
query representation is a data structure that specifies rules
for extracting the target extraction words, and may be in a
graph format similar to the lexical representations. As an
example, this extraction query representation may be a
sub-graph (e.g., a sub-graph including the words and rela-
tions to be extracted) that represents a portion of the first
combined lexical representation 514.

[0081] Here, the query representation generation unit 424
may generate the extraction query representation by pro-
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cessing the first combined lexical representation 514 with an
automatic extraction rule generation technique, or by pro-
cessing the first combined lexical representation 514 with a
manual extraction rule generation technique. As described
below, the extraction query representation generated here is
used to extract the target extraction words from a given
target search document.

[0082] In addition, the lexical representation generation
unit 422 also acquires the target search document 520 from
which the target extraction words are to be extracted. This
target search document 520 is information containing sen-
tences different from the training data 510, and may be input
by the user via the user terminal 460 and the input/output
unit 446 described above. Next, the lexical representation
generation unit 422 processes the target search document
520 in the same manner as the training data 510, using
multiple parsing techniques (e.g., the first parsing technique
511, the second parsing technique 512, and the Nth parsing
technique 513) to generate multiple lexical representations
corresponding to the target search document 520. Subse-
quently, these multiple lexical representations are combined
to generate a second combined lexical representation 516.

[0083] It should be noted that the process of generating the
second combined lexical representation 516 is substantially
the same as the process of generating the first combined
lexical representation 514, and is described below with
reference to FIGS. 7-8, and as such the description thereof
is omitted here. The multiple parsing techniques used to
generate the second combined lexical representation 516
from the target search document 520 may be the same as or
different from the multiple parsing techniques used to gen-
erate the second combined lexical representation 516 from
the training data 510.

[0084] Next, the word extraction unit 426 uses the extrac-
tion query representation generated by the query represen-
tation generation unit 424 to search the second combined
lexical representation 516 generated based on the target
search document 520 to generate extraction information 530
that indicates information about the target extraction words.
Here, the word extraction unit 426 may use any technique
for searching the target search document 520 using the
extraction query representation, such as OR Matching, AND
Matching, matching based on the performance criteria of the
parsing techniques, matching based on lexical attributes, or
the like, as described below.

[0085] It should be noted that, as an example of a tech-
nique of the word extraction unit 426 searching the target
search document 520 using the extraction query represen-
tation is described below, a description thereof will be
omitted here.

[0086] According to the word extraction device 410
described above, it is possible to provide a word extraction
technique that can improve the accuracy of word extraction
by combining parsing techniques, such as syntactic parsing
techniques and semantic parsing techniques, and leveraging
the features of these multiple parsing techniques.

[0087] Next, with reference to FIG. 6, a functional con-
figuration in which a DP technique and an AMR technique
are used as parsing techniques in the word extraction device
according to the embodiments of the present disclosure will
be described.

[0088] As mentioned above, documents consisting of tex-
tual information in natural language contain syntactic infor-
mation about the syntactic relationship of words and seman-
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tic information about the semantic relationship of words.
When extracting words, it is desirable to consider both the
syntactic information and the semantic information of the
words.

[0089] In addition, as explained with reference to FIG. 5,
the lexical representation generation unit 422 of the word
extraction device 410 according to the embodiments of the
present disclosure can generate multiple lexical representa-
tions corresponding to each of the training data and the
target search document by processing each of the training
data and the target search document using multiple parsing
techniques. In this way, the word extraction device 410 can
generate multiple lexical representations for each of the
training data and the target search document.

[0090] Here, the lexical representation generation unit 422
may use semantic parsing techniques such as AMR tech-
niques and syntactic parsing techniques such as DP tech-
niques as the multiple parsing techniques for processing the
training data and target search document.

[0091] This makes it possible to generate a combined
lexical representation that includes both syntactic informa-
tion and semantic information for the words in a sentence.
[0092] A case will be described below in which an AMR
technique and a DP technique are used as the multiple
parsing techniques for processing the training data and the
search target document.

[0093] FIG. 6 is a diagram illustrating a functional con-
figuration in which a DP technique and an AMR technique
are used as parsing techniques in the word extraction device
410 according to the embodiments of the present disclosure.
[0094] First, after acquiring the training data 610, the
lexical representation generation unit 422 generates a first
AMR graph 613 by processing the acquired training data
610 using an AMR technique 612. In addition, the lexical
representation generation unit 422 also generates a first DP
graph 615 by processing the acquired training data 610 using
a DP technique 614. Subsequently, the lexical representation
generation unit 422 then generates a first AMR-DP graph
618 as a combined lexical representation (the first combined
lexical representation) by aligning and combining the nodes
and edges in the first AMR graph 613 and the first DP graph
615 with each other.

[0095] Next, the query representation generation unit 424
generates an extraction query representation indicating a
query to extract the target extraction words from a given
target search document based on the first AMR-DP graph
618 generated by the lexical representation generation unit
422.

[0096] In addition, the lexical representation generation
unit 422 acquires the target search document 620 from
which the target extraction words are to be extracted. Next,
the lexical representation generation unit 422 generates a
second AMR graph 623 by processing the target search
document 620 using the AMR technique 612. In addition,
the lexical representation generation unit 422 also generates
a second DP graph 625 by processing the target search
document 620 using the DP technique 614. The lexical
representation generation unit 422 then generates a second
AMR-DP graph 628 as a combined lexical representation
(the second combined lexical representation) by aligning
and combining the nodes and edges in the second AMR
graph 623 and the second DP graph 625 with each other.
[0097] Next, the word extraction unit 426 uses the extrac-
tion query representation generated by the query represen-
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tation generation unit 424 to search the second AMR-DP
graph 628 generated based on the target search document
620 to generate extraction information 630 which indicates
information about the target extraction words. Here, the
word extraction unit 426 may use any technique for search-
ing the target search document 620 using the extraction
query representation, such as OR Matching, AND Matching,
matching based on the performance criteria of the parsing
techniques, matching based on lexical attributes, or the like
as described below.

[0098] As explained above, by using a combination of
semantic parsing techniques such as AMR techniques and
syntactic parsing techniques such as DP techniques as the
multiple parsing techniques for processing the training data
and target search documents, it is possible to generate a
combined lexical representation that includes both syntactic
information and semantic information about the words in a
sentence. Subsequently, by performing a search on such a
lexical representation including syntactic information and
semantic information, it is possible to obtain highly accurate
word extraction results that consider both the syntactic
information and the semantic information.

[0099] Next, with reference to FIG. 7, an example of the
flow of a combination process according to the embodiments
of the present disclosure will be described.

[0100] As described above, aspects of the present disclo-
sure relate to generating a combined lexical representation
that combines lexical representations generated by multiple
parsing techniques. However, since lexical representations
generated by different parsing techniques differ from each
other in form, structure and content, the correspondence
relationship of the information (e.g., node information and
edge information) between each lexical representation is
unknown.

[0101] Accordingly, aspects of the present disclosure
relate to generating a combined lexical representation in
which the syntactic and semantic information have been
aligned by combining the nodes and edge information in
multiple graph-format lexical representations after mapping
them together.

[0102] FIG. 7 is a diagram illustrating an example of the
flow of a combination process 700 according to the embodi-
ments of the present disclosure. The combination process
700 is used to generate a combined lexical representation by
aligning and combining the nodes and edges in multiple
graph format lexical representations with each other. The
combination process 700 may be used to generate a first
combined lexical representation that combines multiple lexi-
cal representations generated based on training data, or a
second combined lexical representation that combines mul-
tiple lexical representations generated based a target search
document.

[0103] It should be noted that in the description of the
combination process 700 illustrated in FIG. 7, a case in
which DP and AMR graphs are combined may be used as an
example, but this disclosure is not limited to this case, and
lexical representations generated by other parsing tech-
niques may also be used.

[0104] First, in Step S710, the lexical representation gen-
eration unit 422 acquires a first lexical representation. Here,
the lexical representation generation unit 422 may use, for
example, an AMR graph generated by processing the train-
ing data or the target search document using a semantic
parsing technique such as an AMR technique as the first
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lexical representation. This first lexical representation may
be a lexical representation in graph form, in which words in
the training data or the target search document have been
represented as nodes and the relationships between words
have been represented as edges. Each node and each edge in
the first lexical representation includes node information and
edge information (first node information and first edge
information) assigned by the parsing technique used to
generate the first lexical representation.

[0105] Next, in Step S720, the lexical representation gen-
eration unit 422 acquires a second lexical representation.
Here, the lexical representation generation unit 422 may use,
for example, a DP graph generated by processing the train-
ing data or the target search document using a DP syntactic
parsing technique as the second lexical representation. This
second lexical representation may be a lexical representation
in graph form, in which words in the training data or the
target search document are represented as nodes and the
relationships between words are represented as edges. Each
node and each edge in the second lexical representation
includes node information and edge information (second
node information and second edge information) assigned by
the parsing technique used to generate the second lexical
representation.

[0106] Next, in Step S730, the lexical representation gen-
eration unit 422 identifies shared nodes that exist in both the
first lexical representation and the second lexical represen-
tation. Here, a shared node refers to a node that exists in both
the first lexical representation and the second lexical repre-
sentation and relates to substantially similar node informa-
tion. In embodiments, in a case that the first lexical repre-
sentation is an AMR graph and the second lexical
representation is a DP graph, the lexical representation
generation unit 422 excludes from processing the nodes and
edges in the DP graph that correspond to DP-specific words,
and excludes from processing the nodes and edges that
correspond to AMR-specific words. After excluding these
nodes, the remaining nodes may be estimated to be shared
nodes. Here, the lexical representation generation unit 422
may identify the nodes to be excluded by referring to a table
or the like that indicates DP-specific words and AMR-
specific words to be excluded.

[0107] As an example, the lexical representation genera-
tion unit 422 may exclude as targets from the DP graph
nodes and edges corresponding to DP-specific words such as
“would,” “should,” “have,” “on,” “in,” “from.,” and prepo-
sitions and auxiliary verbs, and may exclude as targets from
the AMR graph nodes and edges corresponding to AMR-
specific words such as “date-entity,” “imperative,” “multi-
sentence,” or the like.

[0108] Next, in Step S740, the lexical representation gen-
eration unit 422 calculates the normalized edit distance
between the shared nodes identified in Step S730. More
specifically, the lexical representation generation unit 422
calculates the normalized edit distance of each node in the
first lexical representation with respect to each node in the
second lexical representation. Normalized edit distance is a
measure of sentence similarity and may be calculated by
Equation 1 as shown below.

LI

edit_distance(nodel, node2)

maxlength (nodel, node2)

[Equation 1]

Normalized Edit Distance =
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[0109] Nodel and Node2 in Equation 1 are the nodes in
the first lexical representation and the second lexical repre-
sentation, respectively. “edit_distance” is used to calculate
the edit distance between both nodes, and “maxlength” is
used to obtain the longest character length of both nodes. It
should be noted that although a case in which the normalized
edit distance is used to calculate the similarity of the shared
nodes is described here as an example, the present disclosure
is not limited herein, and other similarity measures or
similarity calculation techniques may be used.

[0110] In addition, in one embodiment, in the case that the
first lexical representation is an AMR graph and the second
lexical representation is a DP graph, the lexical representa-
tion generation unit 422 may omit calculating the normal-
ized edit distance for nodes for which the correspondence
relationship is known in advance.

[0111] Next, in Step S750, the lexical representation gen-
eration unit 422 identifies node pairs that satisfy a prede-
termined normalized edit distance criterion. In embodi-
ments, the lexical representation generation unit 422 may
identify as a node pair a first node in the first lexical
representation and a second node in the second lexical
representation whose normalized edit distance from the first
node satisfies the normalized edit distance criterion.
[0112] [n embodiments, the lexical representation genera-
tion unit 422 may vary the normalization edit distance
criterion in steps from “0.0” to “0.9” (the lower the normal-
ization edit distance, the greater the similarity between the
nodes), allocate a confidence level according to the degree
of normalized edit distance criterion that a node pair satisfies
(i.e., give a higher confidence level to node pairs with lower
normalized edit distances and a lower confidence level to
node pairs with high normalized edit distances), and identify
two nodes that satisfy a given confidence level as a node
pair.

[0113] It should be noted that here, the lexical represen-
tation generation unit 422 may identify multiple node pairs.
[0114] In embodiments, in a case that the first lexical
representation is an AMR graph and the second lexical
representation is a DP graph, the lexical representation
generation unit 422 may use the nodes whose correspon-
dence relationship is already known as node pairs. As an
example, the lexical representation generation unit 422 may
set “amr-unknown” nodes in the AMR graph and “what,”
“why.” “where,” “when,” and “how” nodes in the DP graph
as node pairs. Similarly, the lexical representation genera-
tion unit 422 may set “-” nodes in the AMR graph and
negative word nodes such as “not,” “no,” or “n't” in the DP
graph as node pairs. Here, the lexical representation gen-
eration unit 422 may identify node pairs by referring to a
table or other information that indicates those nodes whose
correspondence relationship is already known.

[0115] Next, in Step S760, for each node pair identified in
Step S750, the lexical representation generation unit 422
generates a combined lexical representation by mapping the
node and edge information of one node to the other node of
the node pair.

[0116] As an example, in the case that a node pair includ-
ing a first shared node in the first lexical representation and
a second shared node in the second lexical representation is
identified, the lexical representation generation unit 422
maps the node information (the second node information)
and edge information (the second edge information) asso-
ciated with the second shared node to the first shared node

29 ¢,
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in the first lexical representation. By repeating this process
for each node pair, a combined lexical representation can be
generated.

[0117] According to the combination process 700
described above, node and edge information in one lexical
representation can be assigned to corresponding nodes in
another textual representation. In this way, it is possible to
generate a combined lexical representation having a format
in which the information of multiple lexical representations
are aligned with each other.

[0118] Next, with reference to FIG. 8, an example of
generating a combined lexical representation by combining
a first lexical representation and a second lexical represen-
tation according to the embodiments of the present disclo-
sure will be described.

[0119] As described herein, aspects of the present disclo-
sure relate to generating a combined lexical representation
by processing text such as training data or target search
documents, for example, with multiple parsing techniques to
generate multiple lexical representations corresponding to
the text, and then combining these multiple lexical repre-
sentations. FIG. 8 illustrates an example of generating a
combined lexical representation 830 by combining a first
lexical representation 810 and a second lexical representa-
tion 820 according to the embodiments of the present
disclosure.

[0120] It should be noted that in the following, a case in
which a Dependency Parsing (DP) technique and an
Abstract Meaning Representation (AMR) technique are
used as parsing techniques for generating lexical represen-
tations will be described as an example, but this disclosure
is not limited to herein, and any parsing technique may be
used.

[0121] First, consider that the lexical representation gen-
eration unit 422 inputs a sentence of “2004 ACME Model
123 brake rotors warped.” In this case, the lexical represen-
tation generation unit 422 generates an AMR graph as the
first lexical representation 810 by processing the input
sentence using a semantic parsing technique (a first parsing
technique) such as an AMR technique. Additionally, the
lexical representation generation unit 422 also generates a
DP graph as the second lexical representation 820 by pro-
cessing the sentence using a syntactic parsing technique (a
second parsing technique) such as a DP technique.

[0122] As illustrated in FIG. 8, each node in the first
lexical representation 810 and the second lexical represen-
tation 820 is associated with node information defining that
node and edge information indicating the relationship
between that node and other nodes.

[0123] The node information and the edge information in
the first lexical representation 810 is semantic information
assigned by the AMR technique used to generate the first
lexical representation 810. As an example, in the first lexical
representation 810, node 811 is associated with first node
information of “warp-01” and first edge information of
“ARG1.”

[0124] Similarly, the node information and the edge infor-
mation in the second lexical representation 820 is syntactic
information assigned by the DP technique used to generate
the second lexical representation 820. For example, in the
second lexical representation 820 illustrated in FIG. 8, node
821 is associated with second node information of “warped”
and second edge information of “nsubj.”
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[0125] As illustrated in FIG. 8, although both the first
lexical representation 810 and the second lexical represen-
tation 820 are in a graph format in which words are
represented as nodes and relationships between words are
represented as edges, as the first lexical representation 810
was generated by a semantic parsing technique such as an
AMR technique and the second lexical representation 820
was generated by a syntactic parsing technique such as a DP
technique, there are places where the structure differs from
each other. More specifically, the first lexical representation
810 generated by a semantic parsing technique such as AMR
includes node information (date-entity, car-make, etc.) and
edge information (year, time, part) regarding the semantic
relationships between words that are not present in the
second lexical representation 820, and the second lexical
representation 820 generated by a syntactic parsing tech-
nique such as DP includes node information and edge
information (compound, nsubj) regarding the syntactic rela-
tionships between words that are not present in the first
lexical representation 810. In contrast, the first lexical rep-
resentation 810 and the second lexical representation 820
also include node information corresponding to substantially
similar content, such as “rotor, brake, warp.”

[0126] Accordingly, in order to combine the first lexical
representation 810 and the second lexical representation
820, the first lexical representation 810 and the second
lexical representation 820 must be aligned with each other.

[0127] Accordingly, as explained with reference to FIG. 7,
the lexical representation generation unit 422 identifies
shared nodes that are present in the second lexical repre-
sentation 820, which is a DP graph, and also present in the
first lexical representation 810, which is an AMR graph,
calculates the normalized edit distance between shared
nodes, identifies node pairs that satisfy a predetermined
normalization edit distance criterion, and maps the node
information and edge information of one node of the speci-
fied node pair to the other node of the node pair. In this way,
an AMR-DP graph obtained by combining the first lexical
representation 810 and the second lexical representation 820
can be generated as the combined lexical representation 830.

[0128] With reference to the first lexical representation
810 and the second lexical representations 820 illustrated in
FIG. 8, an example of generating a combined lexical rep-
resentation 830 will be described.

[0129] Consider that after applying the normalized edit
distance criterion, node 811 in the first lexical representation
810 and node 821 in the second lexical representation 820
are identified as a node pair. In this case, the first node
information “warp-01” and the first edge information
“ARG1” associated with node 811 in the first lexical rep-
resentation 810 are mapped to node 821 in the second lexical
representation 820. As a result, as illustrated in the combined
lexical representation 830, node 831 is associated with the
second node information of “warped” and the second edge
information of “nsub;j” with which it was originally associ-
ated in the second lexical representation 820, as well as the
first node information “warp-01” and the first edge infor-
mation “ARG1” assigned from the first lexical representa-
tion 810.

[0130] By repeating this process for each node pair, the
combined lexical representation 830 can be generated. It
should be noted that, for convenience of explanation, in the
drawings, the node and edge information assigned to the
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second lexical representation from the first lexical represen-
tation is illustrated with underlining.

[0131] In the above, a case of mapping the node and edge
information of the first lexical representation to the nodes of
the second lexical representation was described as an
example, but the present disclosure is not limited to this
case, and the node information and the edge information of
the second lexical representation may be mapped to the
nodes of the first lexical representation. Which lexical
representation should serve as the source of the node infor-
mation and edge information and which lexical representa-
tion should serve as the destination may be determined
according to the characteristics of each lexical representa-
tion.

[0132] As an example, if one lexical representation is an
AMR graph and another lexical representation is a DP graph,
the DP graph includes information regarding the objective
syntactic relationships between words, whereas the AMR
graph includes information regarding subjective meanings
as interpreted by the AMR technique. Accordingly, to facili-
tate a more reliable word extraction result, it is desirable to
use the AMR graph as the source and the DP graph as the
destination.

[0133] In this way, by combining a lexical representation
generated by a syntactic parsing technique and a lexical
representation generated by a semantic parsing technique, a
combined lexical representation that includes both syntactic
information and semantic information about the words in the
sentence can be generated. Subsequently, as described
below, by performing a search on the combined lexical
representation generated in this way, it is possible to obtain
highly accurate word extraction results that consider both
the syntactic information and the semantic information.

[0134] Next, with reference to FIG. 9, an example of
generating an extraction query representation according to
the embodiments of the present disclosure will be described.

[0135] FIG. 9 illustrates an example of generating an
extraction query representation according to the embodi-
ments of the present disclosure. As described above, the
query representation generation unit 424 according to the
embodiments of the present disclosure can generate an
extraction query representation that indicates a query to
extract target extraction words from a given target search
document based on the combined lexical representation (the
first combined lexical representation) generated by the lexi-
cal representation generation unit 422. In the following, an
example will be described of the process of generating an
extraction query representation in a case in which the
combined lexical representation generated by the lexical
representation generation unit 422 is an AMR-DP graph,
which is a combination of an AMR graph and a DP graph.

[0136] As illustrated in FIG. 9, consider that an AMR-DP
graph 910 corresponding to the sentence “2004 ACME
Model 123 brake rotors warped” is generated as a combined
lexical representation by the lexical representation genera-
tion unit 422 and input to the query representation genera-
tion unit 424. Also, consider that in this sentence, the
component name ‘“brake rotors” and the failure name
“warped” are specified (labeled) as target extraction words.

[0137] In this case, the query representation generation
unit 424 may generate the extraction query representation
930 by processing the AMR-DP graph 910 using an auto-
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matic extraction rule generation technique, or by processing
the AMR-DP graph 910 using a manual extraction rule
generation technique.

[0138] In the case of processing the AMR-DP graph 910
using an automatic extraction rule generation technique, the
query representation generation unit 424 may, for example,
determine the nodes identified as target extraction words in
the AMR-DP graph 910, determine the edges connected to
the determined nodes, and then generate the extraction query
representation 930 by extracting a sub-graph including the
determined nodes and edges from the AMR-DP graph 910.
[0139] When processing the AMR-DP graph 910 using a
manual extraction rule generation technique, the query rep-
resentation generation unit 424 may generate the extraction
query representation 930 based on user input that has been
input to a GUI provided by the input/output unit 446 to the
user terminal 460. For example, if the query representation
generation unit 424 receives a user input specifying a
subgraph including nodes and edges corresponding to target
extraction words in the AMR-DP graph 910, it may generate
the extraction query representation 930 by extracting the
specified subgraph from the AMR-DP graph 910.

[0140] As an example, as illustrated in FIG. 9, the query
representation generation unit 424 generates the extraction
query representation 930 by extracting from the AMR-DP
graph 910 a subgraph including nodes and edges corre-
sponding to the component name “brake rotors” and the
failure name “warped” that were identified as target extrac-
tion words.

[0141] It should be noted that as the query representation
generation unit 424 extracts the subgraph from a combined
lexical representation that contains both node and edge
information (e.g., the first node information and the first
edge information) assigned by the first parsing technique
used to generate the first lexical representation and node and
edge information (e.g., the second node information and the
second edge information) assigned by the second parsing
technique used to generate the second lexical representation,
similar to the combined lexical representation, this subgraph
extracted as the extraction query representation also includes
both node information and edge information from the first
lexical representation and the second lexical representation
(the first node information, the first edge information, the
second node information, and the second edge information).
[0142] In this way, it is possible to generate an extraction
query representation that functions as a rule for extracting
target extraction words from a combined lexical represen-
tation, which is a combination of multiple lexical represen-
tations generated by multiple parsing techniques.

[0143] As described above, the word extraction unit 426
according to the embodiments of the present disclosure can
generate extraction information indicating information
regarding the target extraction words by using the extraction
query representation generated by the query representation
generation unit 424 to perform a graph search on a combined
lexical representation (e.g., an AMR-DP graph; also referred
to herein as a second combined lexical representation)
generated based on a target search document. Here, the word
extraction unit 426 may use any search technique to search
the combined lexical representation using the extraction
query representation, such as OR Matching, AND Matching,
matching based on the performance criteria of the parsing
techniques, matching based on lexical attributes, or the like,
and is not limited to any particular technique. In the fol-
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lowing, with reference to FIG. 10 to FIG. 14, examples of a
graph search techniques used by the word extraction unit
according to the embodiments of the present disclosure will
be described.

[0144] It should be noted that, in the following, although
a case in which the combined lexical representation is an
AMR-DP graph generated based on the sentence “2006
ACME Model 456 has again started to cause brake chatter-
ing from warping. What would be a fair price for replacing
them?” will be illustrated as an example, the present dis-
closure is not limited herein.

[0145] FIG. 10 is a diagram illustrating an example of a
case where AND/OR matching is used as a graph search
technique according to the embodiments of the present
disclosure. FIG. 10 illustrates a case in which AND/OR
matching is implemented with respect to the extraction
query representation 1010 and the second combined lexical
representation 1020 illustrated in FIG. 10 as an example.
[0146] As described above, like the first combined lexical
representation, the extraction query representation 1010
generated from the first combined lexical representation
includes first node information (warped-01, brake-01, rotor)
and first edge information (ARG1, part) assigned by a first
parsing technique such as an AMR technique and second
node information (warped, brake, rotors) and second edge
information (nsubj, compound) assigned by a second pars-
ing technique such as a DP technique.

[0147] Similarly, like the first combined lexical represen-
tation, the second combined lexical representation 1020
includes third node information (warp-01, brake-01, rotor)
and third edge information (ARG1) assigned by a first
parsing technique, such as an AMR technique, and fourth
node information (warning, brake, rotors) and fourth edge
information (compound) assigned by a second parsing tech-
nique, such as a DP technique.

[0148] The word extraction unit 426 may use OR match-
ing as a technique for searching the second combined lexical
representation 1020 generated based on the target search
document using the extraction query representation 1010
generated by the query representation generation unit 424.
In the case of using this OR matching, when the word
extraction unit 426 compares the extraction query represen-
tation 1010 and the second combined lexical representation
1020, in the case that it is determined that either one of the
information assigned by the first parsing technique (the node
information and the edge information) or the information
assigned by the second parsing technique (the node infor-
mation and the edge information) satisfies a predetermined
matching condition between the extraction query represen-
tation 1010 and the second combined lexical representation
1020, the word extraction unit 426 extracts the node infor-
mation and the edge information determined to satisfy the
matching condition as the extraction information.

[0149] It should be noted that here, the matching condition
is a condition that specifies a predetermined degree of
similarity of the node and edge information, and may be
based on, for example, the normalized edit distance or other
similarity measure described above.

[0150] An example of OR matching is illustrated using the
extraction query representation 1010 and the second com-
bined lexical representation 1020 illustrated in FIG. 10.
[0151] Consider that the word extraction unit 426 com-
pares the extraction query representation 1010 with the
second combined lexical representation 1020. In this case, in
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the case that the word extraction unit 426 determines that
either one of the first node information (warp-01, brake-01,
rotor) or the second node information (warped, brake,
rotors) of each node in the extraction query representation
1010 satisfies the matching condition with respect to either
one of the third node information (warp-01, brake-01, rotor)
or the fourth node information (warping, brake, rotors) of a
specific node in the second combined lexical representation
1020, and either one of the first edge information (ARG,
part) or the second edge information (nsubj, compound) of
each node in the extraction query representation 1010 sat-
isfies the matching condition with respect to either one of the
third edge information (ARG1) or the fourth edge informa-
tion (compound) of a specific node in the second combined
lexical representation 1020, the word extraction unit 426
extracts the third node information, the fourth node infor-
mation, the third edge information, and the fourth edge
information of the specific node from the second combined
lexical representation 1020 as the extraction information.

[0152] In addition, the word extraction unit 426 may use
AND matching as a technique for searching the second
combined lexical representation 1020 generated based on
the target search document using the extraction query rep-
resentation 1010 generated by the query representation
generation unit 424. In the case of using this AND matching,
when the word extraction unit 426 compares the extraction
query representation 1010 and the second combined lexical
representation 1020, in the case that it is determined that
both of the information assigned by the first parsing tech-
nique (the node information and the edge information) and
the information assigned by the second parsing technique
(the node information and the edge information) satisfy a
predetermined matching condition between the extraction
query representation 1010 and the second combined lexical
representation 1020, the word extraction unit 426 extracts
the node information and the edge information determined
to satisfy the matching condition as the extraction informa-
tion.

[0153] An example of AND matching is illustrated using
the extraction query representation 1010 and the second
combined lexical representation 1020 illustrated in FIG. 10.

[0154] Consider that the word extraction unit 426 com-
pares the extraction query representation 1010 with the
second combined lexical representation 1020. In this case, in
the case that the word extraction unit 426 determines that
both of the first node information (warp-01, brake-01, rotor)
and the second node information (warped, brake, rotors) of
each node in the extraction query representation 1010 sat-
isfies the matching condition with respect to both of the third
node information (warp-01, brake-01, rotor) and the fourth
node information (warping, brake, rotors) of a specific node
in the second combined lexical representation 1020, and
both of the first edge information (ARG1, part) and the
second edge information (nsubj, compound) of each node in
the extraction query representation 1010 satisfy the match-
ing condition with respect to both of the third edge infor-
mation (ARG1) and the fourth edge information (com-
pound) of a specific node in the second combined lexical
representation 1020, the word extraction unit 426 extracts
the third node information, the fourth node information, the
third edge information, and the fourth edge information of
the specific node from the second combined lexical repre-
sentation 1020 as the extraction information.
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[0155] In the case that OR matching is performed on the
extraction query representation 1010 and the second com-
bined lexical representation 1020 illustrated in FIG. 10, as
one of the node information and edge information assigned
by the first parsing technique or the node information and
edge information assigned by the second parsing technique
matches between the extraction query representation 1010
and the second combined lexical representation 1020, the
subgraph 1030 illustrated in FIG. 10 is extracted as the
extracted information.

[0156] On the other hand, in the case that AND matching
is performed on the extraction query representation 1010
and the second combined lexical representation 1020 illus-
trated in FIG. 10, as the second node information of
“warped” in the extraction query representation 1010 does
not match the fourth node information of “warping” in the
second combined lexical representation 1020, extraction
information is not extracted.

[0157] In the case that OR matching as described above is
used as a technique for searching the combined lexical
representations, word extraction results with favorable recall
rates can be obtained. In addition, in the case that the AND
matching as described above is used as a technique for
searching the combined lexical representations, although the
recall rate decreases, word extraction results with favorable
precision can be obtained. The word extraction results
obtained by OR matching can be used as training data for a
learning model in which a certain amount of noise is
tolerated, for example. In addition, AND matching results
can be used as training data for a learning model that
requires high precision, for example.

[0158] FIG. 11 is a diagram illustrating an example of a
case where matching based on performance criteria of the
parsing techniques is used as a graph search technique
according to the embodiments of the present disclosure.
[0159] As described herein, in the case of an AMR-DP
graph generated by combining an AMR graph and a DP
graph, the AMR-DP graph includes both node information
(the first node information) and edge information (the first
edge information) assigned by the AMR technique and node
information (the second node information) and edge infor-
mation (the second edge information) assigned by the DP
technique.

[0160] When searching a combined lexical representation
using an extraction query representation, the extracted infor-
mation that serves as the search result may differ depending
on whether the search is performed using the node infor-
mation and edge information provided by the AMR tech-
nique or the search is performed using the node information
and edge information provided by the DP technique. This is
because the result of the graph search is affected by the
performance characteristics of each of the parsing tech-
niques, such as AMR and DP techniques. As an example, in
the case that the search is performed using the node and edge
information assigned by the AMR technique, the recall tends
to be high, but the precision tends to be low. In contrast, in
the case that the search is performed using the node and edge
information assigned by the DP technique, the precision
tends to be high, but the recall tends to be low.

[0161] Accordingly, in embodiments, the word extraction
unit 426 according to the embodiments of the present
disclosure relates to determining, based on the performance
characteristics of the parsing techniques, whether to perform
the search using the node information and the edge infor-
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mation assigned by the first parsing technique or to perform
the search using the node information and the edge infor-
mation assigned by the second parsing technique.

[0162] For example, in the case that the performance (the
recall rate, the precision rate) of the first parsing technique
meets a predetermined performance criterion, the word
extraction unit 426 performs a search on the combined
lexical representation using the node information (the first
node information) and the edge information (the first edge
information) assigned by this first parsing technique.
[0163] In contrast, in the case that the performance (the
recall rate, the precision rate) of the second parsing tech-
nique meets a predetermined performance criterion, the
word extraction unit 426 performs a search on the combined
lexical representation using the node information (the sec-
ond node information) and edge information (the second
edge information) assigned by this second parsing tech-
nique.

[0164] The performance criterion here may be, for
example, information indicating whether priority is given to
recall rate or precision rate, and may be entered by the user
via the user terminal 460.

[0165] As an example, consider that a graph search is
performed on a combined lexical representation (for
example, an AMR-DP graph) generated based on the target
search document using the AMR-DP graph 1110 generated
by the query representation generation unit 424 as an
extracted query representation. In this case, if the perfor-
mance of the AMR technique meets the predetermined
performance criterion, the word extraction unit 426 may
perform the graph search using a subgraph 1120 including
node information (the first node information) and edge
information (the first edge information) assigned by the
AMR technique in the AMR-DP graph 1110.

[0166] In contrast, if the performance of the DP technique
meets the specified performance criterion, the word extrac-
tion unit 426 may perform the graph search using a subgraph
1120 including node information (the second node informa-
tion) and edge information (the second edge information)
assigned by the DP technique in the AMR-DP graph 1110.
[0167] More particularly, in the case that the performance
of the first parsing technique satisfies a first performance
criterion, when comparing the extraction query representa-
tion and the second combined lexical representation, in the
case that the word extraction unit 426 determines that the
first node information of each node in the extraction query
representation satisfies a matching condition with respect to
the third node information of the first node in the second
combined lexical representation, and the first edge informa-
tion of each node in the extraction query representation
satisfies a matching condition with respect to the third edge
information of the first node in the second combined lexical
representation, the word extraction unit 426 extracts the
third node information and the third edge information of the
first node from the second combined lexical representation
as the extraction information.

[0168] In contrast, in the case that the performance of the
second parsing technique satisfies a second performance
criterion, in the case that the word extraction unit 426
determines that the second node information of each node in
the extraction query representation satisfies a matching
condition with respect to the fourth node information of the
first node in the second combined lexical representation, and
the second edge information of each node in the extraction
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query representation satisfies a matching condition with
respect to the fourth edge information of the first node in the
second combined lexical representation, the word extraction
unit 426 extracts the fourth node information and the fourth
edge information of the first node from the second combined
lexical representation as the extraction information.

[0169] By performing matching based on the performance
criterion for the parsing techniques as described above, it is
possible to perform graph searches that utilize the unique
performance characteristics of the parsing techniques, such
as graph searches that prioritize recall or graph searches that
prioritize precision, and word extraction accuracy can be
increased.

[0170] FIG. 12 is a diagram illustrating an example of a
case where a matching necessity criterion is used as a graph
search technique according to the embodiments of the
present disclosure.

[0171] In embodiments, the word extraction unit 426 may
perform a graph search based on a pre-specified matching
necessity criterion. This matching necessity criterion is
information indicating the nodes and edges that need to
match and the nodes and edges that do not need to match
between the extraction query representation and the com-
bined lexical representation when performing a graph
search, and may be entered by the user, for example, via user
terminal 460.

[0172] More specifically, in the case that the word extrac-
tion unit 426 receives matching necessity information defin-
ing the matching necessity criterion that defines the nodes
and edges that need to match and the nodes and edges that
do not need to match between the extraction query repre-
sentation and the combined lexical representation, the word
extraction unit 426 compares the extraction query represen-
tation and the combined lexical representation, identifies
specific nodes in the combined lexical representation that
satisfy the matching necessity criterion, and extracts the
node information and the edge information of the identified
nodes from the combined lexical representation as the
extraction information.

[0173] For example, consider that an AMR-DP graph
consisting of three nodes, “brake/brake-01”, “rotors/rotor”
and “warped/warp-01,” is generated as an extraction query
representation 1210 as illustrated in FIG. 12. In this case,
consider that a matching necessity criterion is received from
a user or the like indicating that, although the node “warped/
warp-01~ and the edges “compound/part” and “nsubj/Argl”
must match between extraction query representation and the
combined lexical representation, the node information of the
nodes connected to this node may be anything.

[0174] In this case, when the word extraction unit 426
performs a graph search with respect to the combined lexical
representation using the extraction query representation
1210, if there are nodes and edges in the combined lexical
representation that match the “warped/warp-01" node, the
“compound/part” edge and the “nsubj/Argl” edge, this node
and edge information is extracted as the extraction informa-
tion 1220 even if the node information of other nodes
connected to these nodes do not match the extraction query
representation 1210.

[0175] According to the graph search based on the match-
ing necessity criterion described above, it is possible to
search for specific nodes and edges selected by a user. For
example, in the case that a user wants to identify all the
components related to a specific failure in a document
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related to component failures, by defining a matching neces-
sity criterion that requires matching only for node informa-
tion indicating failure names and edge information indicat-
ing the relationship between the failure and the component,
it is possible to extract component names that have the
defined relationship and are associated with the specified
failure from a target document.

[0176] FIG. 13 is a diagram illustrating an example of a
case where lexical attribute information is used as a graph
search technique according to the embodiments of the
present disclosure.

[0177] In embodiments, the word extraction unit 426 may
perform a graph search based on lexical attribute informa-
tion that indicates the lexical attributes of words. Here, the
lexical attributes may include, but are not limited to, the
lemma, part of speech, or consonants of a word. In some
embodiments, this lexical attribute information may be
entered by the user via user terminal 460.

[0178] More specifically, in the case that lexical attribute
information indicating a predetermined lexical attribute is
received, the word extraction unit 426 compares the extrac-
tion query representation and the combined lexical repre-
sentation, identifies a specific node in the combined lexical
representation having a lexical attribute indicated by the
lexical attribute information that matches between the
extraction query representation and the second combined
lexical representation, and extracts the node information and
the edge information of the identified node from the com-
bined lexical representation as the extraction information.

[0179] In the following, an example of a graph search
performed with lexical attribute information using the
extraction query representation 1310 illustrated in FIG. 13
will be described.

[0180] In the case that lexical attribute information speci-
fying “lemma” as the lexical attribute of a word is received,
the word extraction unit 426 may generate a modified
extraction query representation 1315 in which the word that
serves as the node information for a particular node in the
extraction query representation 1310 is converted to the
lemma of that word (for example, the word “warped” is
converted to its lemma of “warp”).

[0181] In the case that lexical attribute information speci-
fying “part of speech” as the lexical attribute of a word is
received, the word extraction unit 426 may generate a
modified extraction query representation 1325 in which the
word that serves as the node information for a particular
node in the extraction query representation 1310 is con-
verted to the part of speech of that word (for example,
“brake” and “rotors” are indicated as “nouns” and “warped”
is shown as a “verb”).

[0182] Here, as illustrated in FIG. 13, it is not necessary to
convert all the node information in the extraction query
representation 1310 to their respective parts of speech, but
rather, as in the modified extraction query representation
1326, it is possible to combine nodes whose node informa-
tion is the original node information with nodes whose node
information is its part of speech.

[0183] In the case that lexical attribute information speci-
fying “consonant” as the lexical attribute of a word is
received, the word extraction unit 426 may generate a
modified extraction query representation 1335 in which the
word that serves as the node information for a particular
node in the extraction query representation 1310 is con-
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verted to the consonants in that word (e.g., “brake”, “rotors”
and “warped” are indicated as “brk”, “rtrs” and “wrpd”,
respectively).

[0184] By using the lexical attribute information described
above to perform the graph search, nodes with specific
lexical attributes in common can be extracted from the
combined lexical representation, thus enabling highly accu-
rate word extraction.

[0185] FIG. 14 is a diagram illustrating an example of a
case where related terms are used as a graph search tech-
nique according to the embodiments of the present disclo-
sure.

[0186] As described above, in the combined lexical rep-
resentations generated based on the extraction query repre-
sentation and the target search document, nodes are associ-
ated with node information, and edges are associated with
edge information. For example, the nodes in the extraction
query representation 1410 illustrated in FIG. 14 are associ-
ated with node information corresponding to target extrac-
tion words, such as “brake,” “rotors,” and “warped,” and the
edges between these nodes are associated with edge infor-
mation indicating the relationships between the target
extraction words, such as “part” and “nsubj.”

[0187] As described above, in general, the comparison of
the extraction query representations and the combined lexi-
cal representations is based on the similarity of their node
and edge information. As a result, even if the node and edge
information substantially correspond to each other, the
extraction query representations and the combined lexical
representations may be determined not to match each other
due to differences in notation or nomenclature, and the target
extraction words may not be accurately determined.
[0188] Accordingly, in an embodiment of the present
disclosure, the word extraction unit 426 may assign infor-
mation (for example, fifth node information and fifth edge
information) indicating related terms to each of the node
information and the edge information included in the extrac-
tion query representation, and perform a graph search
including the related terms. This information indicating the
related terms may be entered by the user via the user
terminal 460, or it may be automatically generated based on
a predetermined thesaurus.

[0189] More specifically, in the case that the word extrac-
tion unit 426 receives fifth node information (or fifth edge
information) that indicates the related terms of a specific
node in the query representation, the word extraction unit
426 compares the extraction query representation and the
combined lexical representation, and if it determines that the
fifth node information (or the fifth edge information) of a
specific node in the extraction query representation satisfies
the matching condition with respect to either one of the third
node information or the fourth node information (or the third
edge information or the fourth edge information) of a
specific node in the combined lexical representation, the
third node information, the fourth node information, the
third edge information, and the fourth edge information of
the node determined to satisfy the matching condition may
be extracted from the combined lexical representation as the
extraction information.

[0190] As an example, the word extraction unit 426 may
assign related terms such as “pads,” “drum,” “fluid” or the
like as node information 1415 with respect to the node
information 1411 of “rotors/rotor” in the extraction query
representation 1410.
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[0191] Subsequently, when searching the combined lexi-
cal representation using the extraction query representation
1410, if it is determined that the node information of a node
in the combined lexical representation corresponds to any of
the information included in the node information 1411 of
“rotors/rotor” or in the node information 1415 indicating the
related terms, the information of nodes or edges connected
this node may be extracted as the extraction information.
[0192] According to the graph search technique using the
related terminology described above, it is possible to prevent
determination errors due to differences in notation or
nomenclature of node information and edge information,
and thus improve the accuracy of word extraction.

[0193] As mentioned above, documents consisting of tex-
tual information in natural language contain syntactic infor-
mation about the syntactic relationship of words and seman-
tic information about the semantic relationship of words.
When extracting words from a given search target docu-
ment, it is desirable to consider both the syntactic informa-
tion and the semantic information of the words.

[0194] However, conventional LKE techniques perform
word extraction using extraction rules generated by a single
parsing technique, which limits the accuracy of word extrac-
tion because it cannot generate extraction rules that take into
account both syntactic parsing information and the semantic
information in the target search document.

[0195] Accordingly, the present disclosure relates to per-
forming word extraction using extraction rule representa-
tions based on combined lexical representations generated
by aligning and combining multiple lexical representations
generated by multiple parsing techniques with each other.
For example, by aligning and combining a lexical represen-
tation generated by a syntactic parsing technique such as a
DP technique and a lexical representation generated by a
semantic parsing technique such as an AMR technique, a
combined lexical representation including both syntactic
and semantic information can be obtained. Subsequently, by
using an extraction rule representation based on the com-
bined lexical representation generated in this way, highly
accurate word extraction that takes into account both syn-
tactic and semantic information becomes possible.

[0196] Further, by using OR Matching, AND Matching,
matching based on the performance criteria of the parsing
techniques, and matching based on lexical attributes as the
graph search technique according to the embodiments of the
present disclosure, flexible and granular graph search can be
performed to meet the needs of the user.

[0197] It should be noted that, herein, although examples
were described of a case in which a lexical representation
generated by a syntactic parsing technique such as a DP
technique and a lexical representation generated by semantic
parsing technique such as an AMR technique were com-
bined, the present invention is not limited herein, and it is
possible combine lexical representations generated by mul-
tiple syntactic parsing techniques or lexical representations
generated by multiple semantic parsing techniques for
example. As a result, information that is not included in one
lexical representation can be supplemented with other lexi-
cal representations, for example.

[0198] The word extraction techniques according to the
embodiments of the present disclosure may be applied in
any field. For example, the word extraction technique
according to the embodiments of the present disclosure may
be applied to radiation reports used for radiation therapy. In
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this case, the word extraction technique according to the
embodiments of the present disclosure may be used to
extract information regarding an abnormality described in a
radiation report and the area where this abnormality was
found. As an example, the word extraction technique accord-
ing to the embodiment of the present disclosure may extract
information regarding an abnormality of “abnormal flare
signal intensity” and information regarding an area of “brain
parenchyma” from the sentence “abnormal flare signal
intensity in the brain parenchyma”.

[0199] In addition, the word extraction techniques accord-
ing to the embodiments of the present disclosure may be
applied to a cyber attack report or blog concerning a cyber
attack. In this case, the word extraction technique according
to the embodiments of the present disclosure may be used to
extract information regarding the attack means, malware
name, target product, or the like described in the cyber attack
report. As an example, the word extraction technique
according to the embodiments of the present disclosure may
extract “Bisonal” as malware and “RAT (Remote Access
Trojan)” as the type of the malware from the sentence
“Bisonal is a RAT (Remote Access Trojan).

[0200] As described herein, the word extraction technique
according to the embodiments of the present disclosure
includes the following aspects.

[0201] (Aspect 1)

[0202] A word extraction device comprising:
[0203] a processor; and
[0204] a memory,

[0205] wherein the memory includes processing
instructions for causing the processor to function as:

[0206] a lexical representation generation unit for
acquiring training data that includes sentences in
which target extraction words are specified, gener-
ating a first lexical representation by processing the
training data with a first parsing technique, generat-
ing a second lexical representation by processing the
training data with a second parsing technique, and
generating a first combined lexical representation by
combining the first lexical representation and the
second lexical representation;

[0207] a query representation generation unit for gen-
erating, based on the first combined lexical repre-
sentation, an extraction query representation that
indicates a query for extracting the target extraction
words from a predetermined target search document;
and

[0208] a word extraction unit for extracting, by using
the extraction query representation, extraction infor-
mation that indicates information about the target
extraction words from a second combined lexical
representation generated based on the target search
document.

[0209] (Aspect 2)

[0210] The word extraction device according to aspect
1, wherein:

[0211] the first parsing technique is an Abstract
Meaning Representation technique; and

[0212] the second parsing technique is a Dependency
parsing technique.
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[0213] (Aspect 3)
[0214] The word extraction device according to aspect
1 or 2, wherein:
[0215] the first lexical representation, the second
lexical representation, the first combined lexical rep-
resentation, the second combined lexical representa-
tion, and the extraction query representation have a
graph structure in which words are represented as
nodes, and relationships between words are repre-
sented as edges.
[0216] (Aspect 4)
[0217] The word extraction device according to aspect
3, wherein:
[0218] each node in the first lexical representation is
associated with first node information and first edge
information from the first parsing technique;
[0219] each node in the second lexical representation
is associated with second node information and
second edge information from the second parsing
technique; and
[0220] the lexical representation generation unit:
[0221] compares a first node in the first lexical
representation with a second node in the second
lexical representation, and identifies nodes shared
between the first lexical representation and the
second lexical representation as shared nodes; and

[0222] generates the first combined lexical repre-
sentation by mapping the first node information
and the first edge information associated with a
first shared node among the shared nodes to a
second shared node among the shared nodes in the
second lexical representation.

[0223] (Aspect 5)

[0224] The word extraction device according to aspect
4, wherein, in generation of the first combined lexical
representation, the lexical representation generation
unit:

[0225] calculates a normalized edit distance between
nodes in the first lexical representation and nodes in
the second lexical representation; and

[0226] identifies nodes that satisfy a predetermined
normalized edit distance criterion as the shared
nodes.

[0227] (Aspect 6)

[0228] The word extraction device according to aspect
4, wherein:

[0229] the query representation generation unit gener-
ates a subgraph representing a portion of the first
combined lexical representation as the extraction query
representation.

[0230] (Aspect 7)

[0231] The word extraction device according to aspect
6, wherein the lexical representation generation unit:
[0232] generates a third lexical representation by

processing the target search document using the first
parsing technique, generates a fourth lexical repre-
sentation by processing the target search document
using the second parsing technique, and generates
the second combined lexical representation by com-
bining the third lexical representation and the fourth
lexical representation; and

[0233] each node in the second combined lexical
representation is associated with third node informa-
tion and third edge information from the first parsing
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technique and fourth node information and fourth
edge information from the second parsing technique.
[0234] (Aspect 8)
[0235] The word extraction device according to aspect
7, wherein the word extraction unit:
[0236] compares the extraction query representation
with the second combined lexical representation; and
[0237] extracts, in a case that it is determined that
either one of the first node information or the second
node information of each node in the extraction
query representation satisfies a matching condition
with respect to either one of the third node informa-
tion or the fourth node information of a first node in
the second combined lexical representation, and
either one of the first edge information or the second
edge information of each node in the extraction
query representation satisfies a matching condition
with respect to either one of the third edge informa-
tion or the fourth edge information of the first node
in the second combined lexical representation, the
third node information, the fourth node information,
the third edge information, and the fourth edge
information of the first node from the second com-
bined lexical representation as the extraction infor-

mation.
[0238] (Aspect 9)
[0239] The word extraction device according to aspect

7 or 8, wherein the word extraction unit:

[0240] compares the extraction query representation
with the second combined lexical representation; and

[0241] extracts, in a case that it is determined that
both of the first node information and the second
node information of each node in the extraction
query representation satisfies a matching condition
with respect to the third node information and the
fourth node information of a first node in the second
combined lexical representation, and both of the first
edge information and the second edge information of
each node in the extraction query representation
satisfy a matching condition with respect to the third
edge information and the fourth edge information of
the first node in the second combined lexical repre-
sentation, the third node information, the fourth node
information, the third edge information, and the
fourth edge information of the first node from the
second combined lexical representation as the
extraction information.

[0242] (Aspect 10)
[0243] The word extraction device according to any one
of aspects 7 through 9, wherein:

[0244] in a case that a performance of the first parsing
technique satisfies a first performance criterion, the
word extraction unit:

[0245] compares the extraction query representa-
tion with the second combined lexical represen-
tation, and

[0246] extracts, in a case that it is determined that
the first node information of each node in the
extraction query representation satisfies a match-
ing condition with respect to the third node infor-
mation of a first node in the second combined
lexical representation and the first edge informa-
tion of each node in the extraction query repre-
sentation satisfies a matching condition with
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respect to the third edge information of the first
node in the second combined lexical representa-
tion, the third node information and the third edge
information of the first node from the second
combined lexical representation as the extraction
information; and
[0247] in a case that a performance of the second
parsing technique satisfies a second performance
criterion, the word extraction unit:

[0248] extracts, in a case that it is determined that
the second node information of each node in the
extraction query representation satisfies a match-
ing condition with respect to the fourth node
information of the first node in the second com-
bined lexical representation and the second edge
information of each node in the extraction query
representation satisfies a matching condition with
respect to the fourth edge information of the first
node in the second combined lexical representa-
tion, the fourth node information and the fourth
edge information of the first node from the second
combined lexical representation as the extraction
information.

[0249] (Aspect 11)

[0250] The word extraction device according to any one
of aspects 7 through 10, wherein in a case that matching
necessity information is received that defines a match-
ing necessity criterion defining nodes and edges that
need to match and nodes and edges that do not need to
match between the extraction query representation and
the second combined lexical representation, the word
extraction unit:

[0251] compares the extraction query representation
with the second combined lexical representation; and

[0252] identifies a first node in the second combined
lexical representation that satisfies the matching
necessity criterion; and

[0253] extracts node information and edge informa-
tion of the first node from the second combined
lexical representation as the extraction information.

[0254] (Aspect 12)

[0255] The word extraction device according to any one
of aspects 7 through 11, wherein in a case that fifth
node information is received that indicates related
terms of a second node in the extraction query repre-
sentation, the word extraction unit:

[0256] compares the extraction query representation
with the second combined lexical representation; and
[0257] extracts, in a case that the fifth node informa-
tion of the second node in the extraction query
representation satisfies a matching condition with
respect to either one of the third node information or
the fourth node information of a first node in the
second combined lexical representation, the third
node information, the fourth node information, the
third edge information and the fourth edge informa-
tion of the first node from the second combined
lexical representation as the extraction information.

[0258] (Aspect 13)

[0259] The word extraction device according to any one
of aspects 7 through 12, wherein in a case that lexical
attribute information is received that indicates a pre-
determined lexical attribute, the word extraction unit:
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[0260] compares the extraction query representation
with the second combined lexical representation;
[0261] identifies a first node in the second combined
lexical representation for which the predetermined
lexical attribute matches between the extraction
query representation and the second combined lexi-
cal representation; and

[0262] extracts node information and edge informa-
tion of the first node from the second combined
lexical representation as the extraction information.
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as nodes including third node information and rela-
tionships between words as edges including third
edge information;

[0276] a step of generating, by processing the target
search document with the second parsing technique,
a fourth lexical representation having a graph struc-
ture that represents words of the target search docu-
ment as nodes including fourth node information and
relationships between words as edges including
fourth edge information;

[0277] astep of generating a second combined lexical
representation that includes the third node informa-
tion, the third edge information, the fourth node
information and the fourth edge information by
combining the third lexical representation and the
fourth lexical representation; and

[0265] (Aspect 15) [0278] a step of extracting, by using the extraction

[0266] A word extraction method comprising: query representation, extraction information that
[0267] a step of acquiring training data that includes indicates information about the target extraction

sentences in which target extraction words are speci- words from the second combined lexical represen-
fied; tation.

[0268] a step of acquiring a target search document; [0279] Although the embodiments of the present invention
have been described above, the present invention is not
limited to the above-described embodiments, and various
modifications are possible without departing from the gist of
the present invention.

[0263] (Aspect 14)

[0264] The word extraction device according to aspect
13, wherein the lexical attribute includes one or more
selected from the group consisting of a lemma, a
part-of-speech, and a consonant.

[0269] a step of generating, by processing the train-
ing data with a first parsing technique, a first lexical
representation having a graph structure that repre-
sents the target extraction words as nodes including
first node information and relationships between the

target extraction words as edges including first edge REFERENCE SIGNS LIST

information; [0280] 150 ... Word extraction application
[0270] a step of generating, by processing the train- [0281] 410 ... Word extraction device
ing data with a second parsing technique, a second [0282] 420 ... Memory
lexical representation having a graph structure that [0283] 422 ... Lexical representation generation unit
represents the target extraction words as nodes [0284] 424 ... Query representation generation unit
including second node information and relationships [0285] 426 ... Word extraction unit
between the target extraction words as edges includ- [0286] 430 . . . Storage unit
ing second edge information; [0287] 432 ... Training data DB
[0271] a step of identifying a first shared node in the [0288] 434 ... Lexical representation DB
first lexical representation and a second shared node [0289] 436 . .. Target search document DB
in the second lexical representation as shared nodes [0290] 444 . . . Processor
that are shared between the first lexical representa- [0291] 446 . . . Input/output unit
tion and the second lexical representation; [0292] 450 ... Communication network
[0272] a step of calculating a normalized edit dis- [0293] 460 . . . User terminal

What is claimed is:

1. A word extraction device comprising:

a processor; and

a memory,

wherein the memory includes processing instructions for
causing the processor to function as:

a lexical representation generation unit for acquiring
training data that includes sentences in which target
extraction words are specified, generating a first lexical
representation by processing the training data with a
first parsing technique, generating a second lexical
representation by processing the training data with a
second parsing technique, and generating a first com-

a portion of the first combined lexical representation bined lexical representation by combining the first

as an extraction query representation indicating a lexical representation and the second lexical represen-

query for extracting the target extraction words from tation;

the target search document; a query representation generation unit for generating,

[0275] a step of generating, by processing the target based on the first combined lexical representation, an

tance between the first shared node and the second
shared node;

[0273] a step of generating a first combined lexical
representation that includes the first node informa-
tion, the first edge information, the second node
information and the second edge information by
mapping, in a case that the normalized edit distance
that was calculated satisfies a predetermined normal-
ized edit distance criterion, the second node infor-
mation and the second edge information associated
to the second shared node to the first shared node in
the first lexical representation;

[0274] a step of generating a subgraph that indicates

search document with the first parsing technique, a
third lexical representation having a graph structure
that represents words of the target search document

extraction query representation that indicates a query
for extracting the target extraction words from a pre-
determined target search document; and
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a word extraction unit for extracting, by using the extrac-
tion query representation, extraction information that
indicates information about the target extraction words
from a second combined lexical representation gener-
ated based on the target search document.

2. The word extraction device according to claim 1,

wherein:

the first parsing technique is an Abstract Meaning Rep-
resentation technique; and

the second parsing technique is a Dependency Parsing
technique.

3. The word extraction device according to claim 1,

wherein:

the first lexical representation, the second lexical repre-
sentation, the first combined lexical representation, the
second combined lexical representation, and the extrac-
tion query representation have a graph structure in
which words are represented as nodes, and relation-
ships between words are represented as edges.

4. The word extraction device according to claim 3,

wherein:
each node in the first lexical representation is associated
with first node information and first edge information
from the first parsing technique;
each node in the second lexical representation is associ-
ated with second node information and second edge
information from the second parsing technique; and
the lexical representation generation unit:
compares a first node in the first lexical representation
with a second node in the second lexical represen-
tation, and identifies nodes shared between the first
lexical representation and the second lexical repre-
sentation as shared nodes; and

generates the first combined lexical representation by
mapping the first node information and the first edge
information associated with a first shared node
among the shared nodes to a second shared node
among the shared nodes in the second lexical rep-
resentation.

5. The word extraction device according to claim 4,
wherein, in generation of the first combined lexical repre-
sentation, the lexical representation generation unit:

calculates a normalized edit distance between nodes in the
first lexical representation and nodes in the second
lexical representation; and

identifies nodes that satisfy a predetermined normalized
edit distance criterion as the shared nodes.

6. The word extraction device according to claim 4,

wherein:

the query representation generation unit generates a sub-
graph representing a portion of the first combined
lexical representation as the extraction query represen-
tation.

7. The word extraction device according to claim 6,

wherein the lexical representation generation unit:

generates a third lexical representation by processing the
target search document using the first parsing tech-
nique, generates a fourth lexical representation by
processing the target search document using the second
parsing technique, and generates the second combined
lexical representation by combining the third lexical
representation and the fourth lexical representation;
and
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each node in the second combined lexical representation
is associated with third node information and third edge
information from the first parsing technique and fourth
node information and fourth edge information from the
second parsing technique.

8. The word extraction device according to claim 7,
wherein the word extraction unit:

compares the extraction query representation with the
second combined lexical representation; and

extracts, in a case that it is determined that either one of
the first node information or the second node informa-
tion of each node in the extraction query representation
satisfies a matching condition with respect to either one
of the third node information or the fourth node infor-
mation of a first node in the second combined lexical
representation, and either one of the first edge infor-
mation or the second edge information of each node in
the extraction query representation satisfies a matching
condition with respect to either one of the third edge
information or the fourth edge information of the first
node in the second combined lexical representation, the
third node information, the fourth node information, the
third edge information, and the fourth edge information
of the first node from the second combined lexical
representation as the extraction information.

9. The word extraction device according to claim 7,
wherein the word extraction unit:

compares the extraction query representation with the
second combined lexical representation; and

extracts, in a case that it is determined that both of the first
node information and the second node information of
each node in the extraction query representation satis-
fies a matching condition with respect to the third node
information and the fourth node information of a first
node in the second combined lexical representation,
and both of the first edge information and the second
edge information of each node in the extraction query
representation satisfy a matching condition with
respect to the third edge information and the fourth
edge information of the first node in the second com-
bined lexical representation, the third node informa-
tion, the fourth node information, the third edge infor-
mation, and the fourth edge information of the first
node from the second combined lexical representation
as the extraction information.

10. The word extraction device according to claim 7,
wherein:

in a case that a performance of the first parsing technique
satisfies a first performance criterion, the word extrac-
tion unit:

compares the extraction query representation with the
second combined lexical representation, and

extracts, in a case that it is determined that the first node
information of each node in the extraction query
representation satisfies a matching condition with
respect to the third node information of a first node
in the second combined lexical representation and
the first edge information of each node in the extrac-
tion query representation satisfies a matching con-
dition with respect to the third edge information of
the first node in the second combined lexical repre-
sentation, the third node information and the third
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edge information of the first node from the second
combined lexical representation as the extraction
information; and
in a case that a performance of the second parsing
technique satisfies a second performance criterion, the
word extraction unit:
extracts, in a case that it is determined that the second
node information of each node in the extraction
query representation satisfies a matching condition
with respect to the fourth node information of the
first node in the second combined lexical represen-
tation and the second edge information of each node
in the extraction query representation satisfies a
matching condition with respect to the fourth edge
information of the first node in the second combined
lexical representation, the fourth node information
and the fourth edge information of the first node
from the second combined lexical representation as
the extraction information.
11. The word extraction device according to claim 7,
wherein in a case that matching necessity information is
received that defines a matching necessity criterion defining
nodes and edges that need to match and nodes and edges that
do not need to match between the extraction query repre-
sentation and the second combined lexical representation,
the word extraction unit:
compares the extraction query representation with the
second combined lexical representation; and

identifies a first node in the second combined lexical
representation that satisfies the matching necessity cri-
terion; and

extracts node information and edge information of the

first node from the second combined lexical represen-
tation as the extraction information.

12. The word extraction device according to claim 7,
wherein in a case that fifth node information is received that
indicates related terms of a second node in the extraction
query representation, the word extraction unit:

compares the extraction query representation with the

second combined lexical representation; and

extracts, in a case that the fifth node information of the

second node in the extraction query representation
satisfies a matching condition with respect to either one
of the third node information or the fourth node infor-
mation of a first node in the second combined lexical
representation, the third node information, the fourth
node information, the third edge information and the
fourth edge information of the first node from the
second combined lexical representation as the extrac-
tion information.

13. The word extraction device according to claim 7,
wherein in a case that lexical attribute information is
received that indicates a predetermined lexical attribute, the
word extraction unit:

compares the extraction query representation with the

second combined lexical representation;

identifies a first node in the second combined lexical

representation for which the predetermined lexical
attribute matches between the extraction query repre-
sentation and the second combined lexical representa-
tion; and
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extracts node information and edge information of the
first node from the second combined lexical represen-
tation as the extraction information.

14. The word extraction device according to claim 13,
wherein the lexical attribute includes one or more selected
from the group consisting of a lemma, a part-of-speech, and
a consonant.

15. A word extraction system comprising:

a user terminal and a word extraction device connected

via a communication network;

wherein:

the word extraction device includes:

a processor, and

a memory; and

the memory includes:

processing instructions for causing the processor to func-
tion as:

a lexical representation generation unit for acquiring,
from the user terminal, training data that includes
sentences in which target extraction words are speci-
fied, generating a first lexical representation by pro-
cessing the training data with a first parsing tech-
nique, generating a second lexical representation by
processing the training data with a second parsing
technique, and generating a first combined lexical
representation by combining the first lexical repre-
sentation and the second lexical representation,

a query representation generation unit for generating,
based on the first combined lexical representation, an
extraction query representation that indicates a query
for extracting the target extraction words from a pre-
determined target search document, and

a word extraction unit for extracting, by using the extrac-
tion query representation, extraction information that
indicates information about the target extraction words
from a second combined lexical representation gener-
ated based on the target search document, and output-
ting the extraction information to the user terminal.

16. A word extraction method comprising:

a step of acquiring training data that includes sentences in
which target extraction words are specified;

a step of generating a first lexical representation by
processing the training data with a first parsing tech-
nique;

a step of generating a second lexical representation by
processing the training data with a second parsing
technique;

a step of generating a first combined lexical representation
by combining the first lexical representation and the
second lexical representation;

a step of generating, based on the first combined lexical
representation, an extraction query representation that
indicates a query for extracting the target extraction
words from a predetermined target search document;
and

a step of extracting, by using the extraction query repre-
sentation, extraction information that indicates infor-
mation about the target extraction words from a second
combined lexical representation generated based on the
target search document.
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